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INHIBITORS OF ENDO-EXONUCLEASE ACTIVITY FOR TREATING CANCER 

Field of the Invention 

5 The present invention relates to chemotherapeutic agents for treating cancer. 

Background 

Cancer cells proliferate more rapidly than normal cells. The rate of mitosis 
( } 10 and DNA replication is therefore significantly greater in cancer cells. Agents that 
inhibit DNA replication and recombination affect cancer cells more than normal cells. 

Many chemotherapeutic agents for treating cancer inhibit DNA replication by 
inducing DNA breaks. Some drugs, such as mitomycin, induce DNA breaks in part by 
15 binding to the DNA itself. Other anticancer agents interfere with topoisomerase 
enzymes, which modify DNA structure. In doing so, they induce strand breaks. 
Normally the breaks are transient but in the presence of a topoisomerase enzyme 
inhibitor, such as etoposide, the breaks become longer lived and expose the DNA to 
( ) permanent damage. 

20 

Living organisms repair DNA by a variety of mechanisms including an 
excision-repair system. Enzymes that mediate excision-repair cut out the damaged 
DNA. They then replace the damaged DNA sequences with the correct sequences. 
This repair system lessens the efficiency of cancer therapies that are dependant on 
25 chemotherapeutics that induce DNA breaks. The loss in efficiency necessitates the 
use of high concentrations of DNA-breaking chemotherapeutics in order to obtain a 
satisfactory inhibition of cancer proliferation. These chemotherapeutics are very toxic 



JSDOCID: <WO 0135935A2J_> 



WO 01/35935 

JZ , PCT/CAOO/01355 
and have damaging side effects. The need to use high concentrations is a significant 

drawback. 

It has been suggested that endo-exonucieases may function in DNA repair 
and recombination. US patent 5,324,830 to Resnick et. al. describes the isolation of 
a DNA segment that codes for an endo-exonuclease, RhoNuc from S. cerevisiae. 
U.S. patent 5,489,524 describes the characterization of a gene for mammalian endo- 
exonuclease and the isolation of primate endo-exonuclease. However, it has not 
been previously suggested that inhibiting endo-exonuclease activity would be 
effective for inhibiting the DNA repair process or the proliferation of cancer cells. 

There is a need for compounds that inhibit the proliferation of cancer cells that 
are less toxic than conventional chemotherapeutics. There is further need for 
compounds that inhibit DNA repair in order to inhibit the proliferation of cancer ceils. 
There is a further need for compounds that can be used in combination with 
conventional chemotherapeutics to improve the efficiency of cancer treatment. There 
is a further need for such compounds to be used in combination with conventional 
chemotherapeutiucs so that the combination permits the use of lower dosages of 
chemotherapeutics to cancer patients without loss of therapeutic efficiency. 

Summary of the Invflntinn 



The present invention relates to the discovery that cancer cells have higher 
concentrations of endo-exonuclease than normal cells. The invention provides a 
method of inhibiting the proliferation of cancer cells and the growth of tumours by 
inhibiting endo-exonuclease activity. The invention also provides a method of 
diagnosing cancer based on elevated concentrations of endo-exonuclease in cancer 
cells. 
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According to one aspect of the present invention compounds are provided 

that inhibit endo-exonuclease activity. 

According to another aspect of the present invention, a method of inhibiting 
5 the proliferation of cancer cells and tumour growth is provided comprising the step of 
administering to a patient compounds that inhibit the activity of the endo- 
exonuclease. 

According to another aspect of the present invention, compounds that inhibit 
10 the activity of endo-exonuclease are provided in combination with conventional 
chemotherapeutics that cause breaks in DNA, to inhibit the proliferation of cancer 
cells and tumour growth. The invention includes a method of inhibiting the 
proliferation of cancer cells and tumour growth comprising the step of administering 
to a patient a compound that inhibits the activity of endo-exonuclease in combination 
15 with conventional chemotherapeutic drugs that cause breaks in DNA. The invention 
includes the use of compounds that inhibit the activity of endo-exonuclease in 
combination with agents that cause breaks in DNA to inhibit the proliferation of 
cancer cells and tumour growth. 

20 According to one aspect of the present invention, there is provided a 

pharmaceutical composition for inhibiting the proliferation of cancer cells and tumour 
growth that comprises a compound that inhibits endo-exonuclease activity. 

According to another aspect of the present invention, there is provided a 
25 pharmaceutical composition for inhibiting the proliferation of cancer cells and tumour 
growth that comprises a compound that inhibits endo-exonuclease activity and a 
compound that induces breaks in DNA strands. 
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According to another aspect of the present invention, there is provided a 

method of inhibiting the pro.iferation of cancer cells and tumour growth comprising 
the step of inhibiting endo-exonuclease activity. 

5 According to yet another aspect of the present invention, there is provided a 

method of inhibiting the proliferation of cancer cells and tumour growth comprising 
the step of administering to a patient a pharmaceutical composition comprising a 
compound that inhibits endo-exonuclease activity in combination with an agent that 
induces breaks in DNA strands. 

According to one aspect of the present invention, there is provided a use of a 
compound that inhibits endo-exonuc.ease activity for inhibiting the proliferation of 
cancer cells and tumour growth in a patient. 

According to another aspect of the present invention there is provided a use 
of a compound that inhibits endo-exonuclease activity for inhibiting the proliferation of 
cancer cells and tumour growth in a patient in combination with a compound that 
induces breaks in DNA strands. 

According to yet another aspect of the present invention there is provided a 
method of diagnosing cancer comprising the step of measuring the concentration of 
endo-exonuclease in a serum sample from a patient. 

Brief Desc ription nf tha Drawing s 

Figure 1 is a bar graph showing the level of endo-exonuclease in various cell lines; 
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Figure 2 is a graph showing the survival of various cells in presence of different 

amounts of pentamidine using a clonogenic assay; 

Figure 3 is a bar graph showing the combination effect of different drugs (mitomycin 
5 C + pentamidine, etoposide + pentamidine) on cell death; 

Figure 4 is a bar graph showing the combination effect of cisplatin and pentamidine 
on cell death; 

10 Figure 5 is a graph showing the effect of a polymer implant of pentamidine on tumour 
growth in the RIF tumour mouse model; 



Figure 6 is a graph showing the combination effect of polymer implant of pentamidine 
and irradiation on tumour growth in RIF tumour mouse model; 

Figure 7 is a graph showing the effect of pentamidine on the growth of primary 
tumour in the Lewis lung carcinoma model in mice; 



Figure 8 is a graph showing the toxicity of pentamidine given by an intraperitoneal 

O 



20 route; 



Figure 9 is a graph showing the anti-cancer effect of pentamidine in vivo; 



Figure 10 is a graph showing the anti-cancer effect of pentamidine and cisplatinum 
25 both individually and in combination in vivo; 

Figure 1 1 is a graph showing the anti-cancer effect of pentamidine and cisplatinum 
both individually and in combination in vivo; 

5 
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Figure « is a graph showing ,he anu-cancer e«ect o, pontine and CspMnun, 
both individually and In combination in vivo; 



' Figure ,3 is a graph sho«ng the erlec, o, pen,am,dine on the growth o, Lewis lung 
carcinoma primary tumours; 



Figure ,4a is graph showing the anti-cancer etlect o, pentamidine and clsplatintrm 
both individually and in combination in vivo; 

R 3 ure ,4b is a bar graph showing the anti-cancer ettec, o, pentamidine and 0 
csplatlnum both individually and in combination in vivo; 

"9"re ,5 is a da, graph showing the anticancer ettec, o, pentamidine and 
■5 csplatlnum both individually and in odmbination in vivo; 

Figure , 6 is a bar graph showing the enact o, pen,amidine on ,he Incidence o, Lewis 
lung carcinoma induced lung metastases; 

» F,gure ,7 a bar graph showing ,he anti-cancer ettec o, pentamidine and cisplaUnum 
both individually and in combination in vivo; 

Figure ,8 is a graph showing ,he anti-cancer enect o, pentamidine and addamycin ,n 
vivo; 



25 



Figure ,9 is . bar graph showlng (he ^ q( ^ ^ 

weight for primary tumour in vivo; and 
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Figure 20 is bar graphs showing the antimetastatic effect of pentamidine and 

adriamycin in vivo; 

For the purposes of the figures, OP refers to pentamidine, Adr refers to adriamycin 
5 and CDDP refers to cisplatinum. 

Detailed Description of the Invention 

The invention relates to the surprising discovery that endo-exonuclease plays 
an important role in cell proliferation. It is required for normal growth and tissue 
repair. Endo-exonuclease plays a special role in cells that proliferate rapidly such as 
cancer cells. This enzyme is found in high concentrations in cancer cells where it 
actually helps to maintain tumour growth. Endo-exonuclease functions by repairing 
breaks in DNA molecules, which carry all of the genes that make ceils function. DNA 
breaks often occur during the cell division process and must be repaired if cell 
proliferation is to continue. 

The present invention relates to chemical compounds that inhibit the activity 
of endo-exonuclease. This inhibits the proliferation of cancer cells and tumour 
growth. The invention preferably involves the combination of compounds that inhibit 
the activity of endo-exonuclease with agents that cause DNA breaks. Preferably, 
compounds or other agents that cause double strand breaks in DNA are combined 
with compounds or other agents that inhibit the activity of endo-exonuclease. 
Combining these types of compounds or other agents provides a valuable tool for 
cancer therapy. 

The present invention relates to the unexpected result that pentamidine 
inhibits the activity of endo-exonuclease. It was previously known that pentamidine 

7 
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has anti-funaal acth/itv « h„, fCTtCAOO/01355 
ungal actaty. It has been found that pentamidine inhibits the activity of 

endo-exonuclease aufficienfiy to stop the growth of oanoet cet, fines ,h-W, ro 
Pen,amidine afso stows Utmour growth in anintais wifh very aggressive canoers 
Cancer treatment with penfantidina is espeoiaiiy advantageous because pentamidine 
s has iow toxicity reiative ,o standard chemothetapeutic agenfs. The side effects o, 
pentamidine are often differed, ,o those o, standard chamotherapeutic agents so fha, 
When penfamidine and those agents are used together, the side effec, profiie is 
potentially less hazardous. 

Other compounds that inhibit the activify of endo-exonuclease are within fhe 
scope o, the invention. For exampie, i, is posaibie to construe, an antiaenaa 
sequence ,o ,he gene ,ha, codas for endo-exonuciease in order ,o inhibi, ,ha 
produeffon o, ando-exonuc,ease. Char compounds ,ha, inhibi, ,he acWfy o, endo- 
exonucleaae fha, are within fha scope o, the preaen, invention include distamycin A 
15 and berenil. 

The invention alao raia.es to ,he combination effec, o, using known 
compounda and other agents eta, cause single strand or double strand DNA breeKs 
wtth compounds and othe, agents the, inhibi, fhe activity o, endo-exonuciease fo 
» mhibi, fhe proliferafion o, cancer cells and tumour growth, ft has been found fha, 
cempounds and ofher agents tha, causa double stranded DNA breaks work 
especially „e„ ,n combination with compounds and other agents the, inhibi, ma 
acv,ty o, ando-exonueleasa. This inhibits the proliferation o, cancer cells and tumour 
growth. Agents can cause double strand breaks directly or can cause single sfrand ■ 
« breaks the, progress fo double strand breaks. This is a common occurrence in 
biological systems. 
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The invention also relates to the use of compounds such as pentamidine, 

distamycin A and berenil to inhibit the action of endo-exonuclease to inhibit the 

proliferation of cancer cells and tumour growth. One could also use these 

compounds to inhibit tumour growth either alone or in combination with known drugs 

5 that cause DNA breaks. Agents that induce DNA breaks that are within the scope of 

the present invention include cisplatin, mitomycin C, melphalan, carmustine, 

adriamycin, taxol, 5-fluoro-uracil, ionizing irradiation and bleomycin. 

Various permutations and combinations of compounds and other agents that cause 
10 single strand or double strand DNA breaks with compounds and other agents that 
inhibit the activity of endo-exonuclease are within the scope of the invention. 
Compositions or mixtures of these compounds and other agents may be 
administered to patients which include humans and animals. Compositions include all 
pharmaceutical formulations of a compound and a compound in its pure state. 
15 Combinations include two or more compositions. This includes two or more different 
formulations of a compound such as a tablet formulation and a liquid formulation. 
Mixtures of two or more compounds in the same formulation are also within the 
scope of the invention. Compositions also include excipients such as micelles, 
vesicles and liposomes that enhance the therapeutic performance of the compound 
20 and other agents. The action of vesicles, micelles and liposomes includes improving 
the solubilization of the compounds and agents, improving their delivery to tumour 
cells, and interacting with tumour cells to make these cells more permeable to 
compounds and agents. Improving efficiency could improve treatment or allow 
equivalent results with reduced dosing and side-effects. 

25 
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The ce,i „„es from human co|on ^ ^ ^ 

adenocar.no™ (MCF7) and human ^ ^ ^ 

0t,ained ^ T *» C*» Co»eo„on (ATCC, an. have ATCC 

accession „ um6ers ^ HTB . 22 , and ^ ^ ^ 

sK,n „ br0 h,as,, The cafe .are g ,own in RPMI media suppiemen.ed v*h 10% Fcs 
al 37°C in a humidified incubator with 5% CO,. 

feampl. L Datanajnatign n, n nrkM ,»nn„rt.... ,„„■■ h 

Tha endo-exonuciease iava, in ,ha ca„ iinas was defined v*„ immuno- 
M marhod as deschhed by Chow and Basnic* (1987 , Exponantla||y ^ 

EDTA). Tha iysad ca„s ware ,han can„i f u g ad a, ,0.000 S tor ,0 min and 25 pi o, me 
supamaran, wara e,ec,ropho,esed on a ,0% SDS-poiyacryiamide 9 a, (SDS-PAGE, 

saparared on ,ha SDS-PAGE S e, wera ,rans,erred e,ec,rophore,icaii y ,o a 
nirroceiiuiose memhrane. Tha niiroceiiuiosa memhrane was rhan reaced wirh rahh,, 
anhsarum raised a g ains, ,ha monxe y CV-1 endc-exonuCease in doner B „o mM 
Tns-HC, pHe .O, , m M EDTA, 150 mM NaC, con,ainin g 0.5% sKim-n* p0 wd er 
according ,o ,he meihod previous,, descrihad Chow and Resnic* ,,988,. A„ar ,ha 
-..ana had haan washed ,hrea „rhas in ormer B tor ,5 min., protein A (a 
po,ypap,ida isoia.ed ,rom aureus tha , b(nds , o ^ ^ ^ ^ ^ 

.-unootod* moiecuies rthou , ^ ^ amigen bMn9 ^ ^ 

horseradish peroxidase ,„ hu„er B comainin, o.5 % axim-miix powder was 
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added to the membrane and incubated for 3 h at room temperature. The membrane 

was subsequently washed with buffer B for 15 min. Positive signals were indicated 

by colour development of the substrate 4-chloro-1-naphthol at the corresponding 

protein position in the horseradish peroxidase enzymatic reaction. Relative amounts 

5 of positive signals were detected using a HP4c scanner and Light Tool Research 

software program. 

Based on this method, the endo-exonuclease levels in normal cells and the 
HT29, MCF-7 and HeLa cell lines were calculated. The results presented in Figure 1 
10 show that the level of the endo-exonuclease is much higher in cancer cells than in 
normal cells. The results suggest that inhibition of the enzyme should provide a 
means of preferentially attacking cancer cells. In addition, the results suggest that 
measurement of enzyme concentrations in body fluids or tissues provides a means of 
detecting cancer and of monitoring its progress. 

15 

Example 2: Determination of cell survival 

Cell survival was determined according to the following methods: 
Cell Survival - Clonogenic assay: Clonogenic measurement of cell survival was 
20 used to determine the initial effectiveness of pentamidine according to the method 
described in Sadekova et al. (1997). In this method, logarithmically phase cells 
(range from 1000 to 3000 cells/ 50mm depending on plating efficiency) were seeded 
onto cell culture plates together with various drug concentrations (ranging from 0.2 
to 20 mM). After 1 week of growth, cell colonies were stained with crystal violet 
25 and the numbers of colonies were counted. 

Cell Survival - MTT assay: The MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5 diphenyl 
tertrazolim bromide) method of determining cell growth/cytotoxicity offers a 



ll 
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concern aeematfve ,o detenmine cel, su^va,. MTT is a 

by mitochondrial dehydrogenases o, Bving ce,,s. Cleavage converts yellow water 
soluble MTT .o an insolubte, purpie formazan crystai. Tha c^,a,s oan be sCubiHzed 
with a 50% N.N.dime,hyl,orn,a m ,de (vovVC), 20% SDS (wt/vot) sotution <pH4.7). and 
5 absorbance datarmined a, a wavelength o, 570 nm. Dead ce„s wilt no, claava MTT 
and unclaavad MTT is no, datactabia a, this wave,eng,h. Tha amount o, MTT that is 
otaavad inoraasas with incraaaing cal, numbers, and decraasas as a rasul, o, oat, 
cytotoxicity (Niks and Otto 1 990, Hussain et al. 1 993). 

Cans wara harvastsd trom cal, cultures using the standard protoco. 
(Trypsin/EDTA). Tha calls (,000 to 5000 cells depending on ca,l type in 50m,) ware 
■hen p,a,ed and incubated overnight a, 37°C before the addition o, experimental 
raagents (i.e. the drug of interest,, for the combination experiment, both druga ware 
added. After 2 days of incubation a, 37-C, ,0 ul of a 5 mg/m, solution of MTT was 
.5 than added to a„ the experimental we„s as we,, as the madia contro, we,,. The platea 
ware turther incubated tor 4 hour, A ,00 M , o, MTT solubifeation buffer was added 
and the ptatas ware incubated overnight a, 37-C. Tha pia.as were then read on the 
ELISA ptate reader with absorbance a, 570 nm and a reference a, 630 nm. 

» Lewis Luns carcinoma Cat, Line and Cat, Cutture: The Lewie ,ung carcinoma 
Cone, M47. is a mefastatic mode,. Lewis lung carcinoma cells were maintained in 
RPMM640 me dium suppiemanted with feta, bovine serum and peniCiin- 
streptomycin. For tumou, induction, ce»a were washed three times with phosphate 
buffer solution. They were then re-suspended a, a di,u,ion of ,x,0« ce„s/0.,m,. On,y 
25 cells where viability was >95% were used for in v/vo studies. 
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The mouse strain used in this study was C57BL/10. After one-week of 

acclimatization, cells were transplanted into the mice subcutaneously, as a 

suspension of tumour cells. All animals were inoculated at the same site. 

5 To measure the effect of drugs on the primary tumour, drug solutions were 

administered by intraperitoneal (ip) injection every two days. Animals were 
subjected, on a daily basis, to general examination. Tumour growth was monitored 
over time. To determine the effect of drugs on tumour metastasis, the tumours were 
allowed to reach a size of 0.5-1.0 cm 3 . Mice were randomized into various groups 
10 and the drugs were then given by ip. At the end of each experiment, animals were 
sacrificed and autopsied. Tumours, organs or both were removed under sterile 
conditions. Tumours were weighed. Organs were examined for gross pathological 
changes and then fixed in formalin. Lungs were fixed in Bouin's fixative and lung 
surface metastases were counted using a stereomicroscope. 

15 

RIF (Radiation-induced Fibrosarcoma) Cell Line and Cell Culture: The radiation- 
induced fibrosarcoma clone, RIF-1, is a solid tumour model. RIF-1 cells were 
maintained in DMEM medium supplemented with fetal bovine serum and penicillin- 
streptomycin. For tumour induction, 2 x 10 5 cells were injected s.c. into the backs of 
^ 20 mice from the C3H strain. Tumours appeared within 10 days and reached a volume 
of 94-130 mm 3 within 3 weeks. Poly (carboxyphenoxypropane-co-sebacic acid) or 
poly (CPP-SA) polymer implants containing the drug were prepared and implanted 

into the tumour according to the method described by Yapp et al. (1997). The same 

« 

person measured the sizes of the tumours every two days until they reached 4 times 
25 the initial volume at the time of implant. The final volume was 400 mm 3 . 
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For the combined experimen ,, . s . na| ^ o( gamma 

Theratron 760, a, a dose rate o, , Gy/ m ,n was delivered 24 hrs after intpian, „ the 
drug- containing polymer. 




The human endo-exonuclease was isolated according t0 , he melhod 
deschbed by Liu and e, a, (, 995) . The cuitured ceiis were defcched with t[ypsin . 
10 EDTA and ,he cal, suspensions ware centred a, 4-C wi,h a torce o, 700 g for ,0 
enures. The ce,l pe„e,s ware washed twice with ooid phosphate Puttered satine 
(PBS,. The ceils were then resuspended and sonicated in 20 m M Tris-HC, pH 7 5 
containing 5 tnM EDTA and , mM PMSF Mer A , The ^ ^ ^ 

suspensions ware eenWuged a, 4=C a, ,0,000 g tor ,5 tnin. The supernatants were 
» men loaded onto an an,ibody-p,o,ei„ A-Sepharose a„ini,y coluntn, as previous* 
descnbed by Chow and Resnicx ,1987, After washing extensively with bufter A ,1 e 
"n.» the A^ o, the eiua.es were zero,, the coluntn was ,hen eluted w„h bufter A 
containing 3.5 M MgC, 2 to eiute the endo-axonuclease. The eiuted endo- 
exonuclease was diaiyzad extensiyeiy against bufter A with a, leas, two changes o, 
- bdfter and one change o, distilled water. The endo-exonuclease was ,hen 
concentrated by lyophilization. 

The nudease activities were determined by measuring the release of acid 
solubie radioactivity from y -*P, ab e„ed, heat-denatured singie-strand pBR 322 DNA 
* according to the method described by Chow and Resnic* (1 983). One unit of activity 
was defined as the amount of deoxyribonuciease that renders 1 Mg of DNA acid- 
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added to the endo-exonuclease prior to the start of the nuclease reaction. Table 1 

shows the levels of the endo-exonuclease inhibition by various chemotherapeutic 
agents. 

5 Table 1 : Inhibition of Endo-exonuclease Activity by Chemotherapeutic Agents 



Chemotherapeutic Agent 


Percent of Inhibition 


Pentamidine (25 uM) 


37% 


Pentamidine (50 uM) 


50% 


Pentamidine (100 uM) 


100% 


Distamycin A (38 uM) 


30% 


Berenil (2mM) 


17% 


Mitomycin C (50 uM) 


0% 


Etoposide (VP-16) (50 ^iM) 


0% 



Example 4: Cell survival in the presence of pentamidine using clonoqenic assay 

10 Clonogenic measurement of cell survival was used to determine the initial 

effectiveness of pentamidine according to the method described above. 

The rates of survival in the presence of pentamidine of primary cells, MCF7 
and HeLa cells using the clonogenic assay are shown in Figure 2. The results shown 

15 in Figure 2 demonstrate that pentamidine preferentially attacks cancer cells in a dose 
dependent manner. The cancerous MCF7 and HeLa cell lines were compared with 
the human primary fibroblast cells. The survival rates of the cells were measured at 
different doses of pentamidine. Pentamidine began to kill the cancer cells at 
concentrations of 0.1 mM and was lethal at a concentration of 10mM. Under these 

20 conditions, pentamidine had no effect on normal primary human cells. The dose 
dependence and the selectivity towards cancer cells show that pentamidine is a 
useful anticancer agent. 
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Example 5: Antica ncer activity 

The anticancer activities of pentamidine and 
agents are shown in Table 2. 
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15 



20 



a number of known anticancer 
Tab* 2: Comparison of th. LC !0 of Various Anticancer Aganu on Cancar Can- 



Cancer 

cell 

type 


Penta 
(mM) 

2 day 


mldine 
4 

day 


Mitomycin C 
(mM) 

2 day 4 day 


Etoposide 
(mM) 

2 day 4 day 


Cisplatin (mM) 
2 day 4 day 


H520 
H460 


0.24 
1.34 


| 0.13 
0.16 


0.234 

0.065 
0.006 


0.13 
0 

0.030 

0.00 
8 


I >34 * ~ 

">34 
28 


|>34 


0.50 3 

0.50 3 
0.41 3 




H661 


0.15 


0.07 


>34 
15.6 




MCF-7 


0.15 | 


0.08 


0.034 
0.024 3 


0.013 I 


1 

1 3 


1.1 


0.49 3 




HT29 


0.27 j 


0.06 


0.008 j 
0.024 3 [ 


0.00 I 
8 | 


0.7 
0.7 3 


OA [ 


0.48 3 





In Table 2, The cancer cell types are: H520 - NSCLC (Squamous 
carcinoma.primary tumour), H460 - NSCLC (Large cell carcinoma, pleural 
effusion), H661 - NSCLC (Large cell carcinoma, lymph node), MCF-7 - 
Breast cancer (Adenocarcinoma, pleural effusion), HT29 - Colon cancer 
(Adenocarcinoma, primary tumour). The length of time that the cells are 
exposed to the compound is indicated in terms of days. Data indicated by 
numeral 3 was obtained from the National Cancer Institute. 

LCso is the concentration of a drug or chemical that kills 50% of the cells. The 
results show that pentamidine is an anticancer agent. The data also show that 
pentamidine is more lethal to cells than etoposide but less so than mitomycin C. The 
effectiveness of pentamidine increases if the experiment is run over 4 days as 



n 
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opposed to 2. This suggests that naturally occurring strand breaks in DNA are 

relatively infrequent and that prolonged exposure to pentamidine is beneficial. 

The clinical use of these agents depends upon the balance between 
5 anticancer activity and harmful side effects. Thus a relatively non-toxic agent, which 
can be given in high concentration may be more effective than a more aggressive but 
toxic agent which can only be tolerated in very small doses. Based on known clinical 
data, pentamidine has low toxicity. 

10 The anticancer activities of pentamidine and distamycin A and berenil are 

shown in Table 3. 

Table 3: Comparison of LC 50 of Pentamidine, Distamycin A, and Berenil on Cancer 
Cell-Lines 

15 



Cancer cell 
type 


Pentamidine(mM) 
2 day 


Distamycin A (mM) 
2 day 


Berenil (mM) 
2 day 


H520 


0.24 


>2.0 ! 


>4.0 


H460 


1.34 


>2.0 


>4.0 j 


H661 


0.15 


>2.0 


>4.0 


MCF-7 


0.15 


1.52 


3.0 


HT29 


0.27 


>2.0 


>4.0 



The cancer cell types are: H520 - NSCLC (Squamous carcinoma, primary 
tumour), H460 - NSCLC (Large cell carcinoma, pleural effusion), H661 - NSCLC 
(Large cell carcinoma, lymph node), MCF-7 - Breast cancer (Adenocarcinoma, 
20 pleural effusion), HT29 - Colon cancer (Adenocarcinoma, primary tumour). 

The length of time in days that the cells are exposed to the compound 
is indicated in Table 3. 
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These results show that these inhibitors of 
cancer activity. 



PCT/CA00/01355 
endo-exonuclease have ami- 



3 aamB ^ c ° mb,ninf ' bm umtaauutan 

The data i„ Tabie 4 shows me effect o( corobWng ^ 
mitomycin C, etoposide and cisplatin. 



10 ™^^°z^^z?zr° used *™ 
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Cancer 
cell type 



Pentamidine 
(mM) 

2 days 



Pentamidine 
(mM) w ,*th 
Mitomycin C 
(1.56 nM) 
2 days 

0.0029 

0.0029 

0.0022 




Pentamidine 
(mM) W ith 
Etoposide (34 

2 days 



Pentamidine (mM) 
With Cisplatin 
(0.025 nM) 
2 days 



Length of exposure to mixture is indiceted in days. 

Companson o, the da, in Tahies 2 and 4 shows tha, the use o, pentamidine 
« «— « * mitomycin reduces concentrate o, these dru S s needed to hrin g 
-cu. ee,, death. The same appiies to pentamidine and etopoeide. The ma 9 ni,ude ot 
-ne ettec, su gg es,s tha, the use ot pentamidine in comhination with mitomycin and 
etoposide ieads to very etticient destruction ot cancer ce„s. This aiiows tor the 

etoposide. 
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Figure 3 shows that combining mitomycin C and etoposide with pentamidine 

is 50 to over 1,000 times more efficient at killing of cancer cells than using mitomycin 

C and etoposide alone. 



5 We have defined the efficiency of the combination as follows: 

Efficiency = ([Pentamidine] 0 /[Pentamidine]c)*([P] 0 /[P]c) 

In this equation [Pentamidine^ is the LC 50 dose of Pentamidine when used 
alone while [Pentamidine^ is the LC 5 o dose required in the combination experiment. 
10 "P n represents either Mitomycin or Etoposide and the subscripts "o" and "c", refer 
respectively to the experiment when the materials were used alone and in the 
combination experiment. 



Figure 4 shows that combining cisplatin and pentamidine leads to an even 
15 more profound increase in efficiency of killing of cancer cells. The combination of 
cisplatin with pentamidine is up to 16,000 times more efficient than using cisplatin 
alone. This surprising increase is consistent with the known mechanisms of action of 
the chemotherapeutic agents. Mitomycin C and etoposide achieve cell death through 
a complex mechanism involving single strand breaks. Relatively few of these single 
20 strand breaks progress to double strand breaks. By contrast, cisplatin operates by a 
mechanism that ultimately induces double strand breaks. Endo-exonuclease repairs 
double strand breaks. These results demonstrate that in cell culture, the inhibition of 
endo-exonuclease with pentamidine increases the efficiency of the anticancer activity 
of agents that induce double strand breaks much more than that of agents that 
25 induce single strand breaks. 

The addition of pentamidine to a chemotherapy treatment allows the 
concentrations of the chemotherapeutic agents to be reduced without any loss of 
efficiency. It also enhances the efficiency of treatment. 
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Example 7- Animal C xperjmBntg 

Figure 5 shows ,he results of s prelrmlnary experiment whore mice with fair* 
forge „00 mm', fibroblast (R IF) lumours (a ce „ Nne ^ Um ^ ^ 

received rumour Implants o, a blodegradeable polymer opening either saline 
pentamidine or 5,,uorourao!,. a standard anticanoer agent. Pentamidine was 
■ntermediate in l«s efficacy a, slowing tumour growrh between the saiine oontro, and 
5-fluorouracil. The resuit is posi,™ because the solid tumours were aiready wel, 
established and the dose of pentamidine had not been optimized. 



The polymer Implant system is a convenient way of administering the drug of 
interest. Siodegradation of the poiymer causes the drug to be released. However 
dagradation la complete after three or tour days after which no more drug is 
.5 available. Despite these limitations, pentamidine was shown to be effective in the 
period when the drug was available. 

Figure 6 shows the results of a similar experiment using a polymer implant to 
detiver pentamidine. The experiment was carried ou, on mice with fibroblast (RIF) 
20 tumours tha, were also treated with radiation (24 hours after implan.) shodly after the 

beneficial effects o, the radiation treatment had worn oft by day „ after treatment 
However, animals treated with a combination o, radiation and pentamidine had no 
eignifican, tumour growth for a much longer period. Pentamidine was detivered via a 
» polymer implan, and was therefore consumed after three or lour days. Nevertheless 
the benetioiat effects o, its action were guite persistent. The tes, mice showed no 
obvious signs of any side effects due to the use of pentamidine. 



(j 
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Figure 7 shows the effectiveness of pentamidine as an anticancer agent when 

used against the Lewis lung carcinoma primary tumour model. Pentamidine was 

delivered by daily injection. The results show that pentamidine was as effective in 

inhibiting the cancer growth as cisplatinum, a compound that is currently used for the 

5 treatment of lung cancer. 

The lung tumour implants in the Lewis lung carcinoma form secondary 
tumours by metastases. The effect of pentamidine on the incidence of these lung 
metastases was studied in a separate study. In post-mortem examinations, the mice 
10 lung metastases were counted. Pentamidine reduced metastases in a dose 
dependant manner by a factor of three with the highest dosage tested. The results 
from these post-mortem examinations are set out in Table 5. 

Table 5: The Effect of Pentamidine on Lung Metastases in Lewis Lung 
15 Carcinoma Mouse Model 



0 



Compound 


Number of Metastases /Lung 


Blank 


34±3 


Pentamidine (25 mg/kg) 


23±3 


Pentamidine (50 mg/kg) 


10±2 



Example 8: In vivo animal experiments 

20 

Materials and Methods 

Pentamidine was supplied. The solution was made by dissolving the 
pentamidine in sterile distilled water. The pentamidine solution was aliquoted and 

21 
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stored at -20-°C upon receiot i mme Hio, ■ PCT/CA00/01355 
k upon rece.pt. Immed.ately pnor to use. drug stock was quickly 

thawed, kept at 4*C and protected against ,ight until administration. Cisplatin and 

adhamycin were provided. These drugs were prepared as indicated for the c.inioa, 

preparation. The saline solution (0.9%) sodium chloride was stored at 4*C. 

5 

Lewis Lung Carcinoma Cell Line and Cell Culture 

The Lewis lung carcinoma clone. M47. with a high melastatic potential ,o the 
lung was usee. Tumours induced by M47 have bean well characterized in relation ,o 
.0 .heir growth rates and response to standard chemotherapy drugs. The cel, used was 

confirmed to be free of mycoplasma. Cells were maintained in RPM,.,640 medium ' 
supplemented with 10% ,ata, bovine serum and ,% penicillin-sfraptomycin, under 5% 
CO, cells were then propagated and stocks of the same passages were 
established and stored in liquid nitrogen. Oncozyme studies were done w„h the 
15 same stock of cells and same passage number. 

For tumour induction, ceils were grown «o 70% confluence in complete 
medium and then collected using trypsin-EDTA solufion ,0.05% hypsln 0.53 m M 
EDTA-4Na in H.SS wilhou, C a++ . Mg , + , and NaHC03 . Ce||gfo „ Q ^ ^ 
» Ce„s were then centnfuged and washed three times with phosphate buffer solution ( 
[D-PBS. Ca ++ and Mg„ free; Cellgro no. 2,-031-LV,, and resuspended a, a diiufion 
C 0., ,o W ce,ls/0.,m,. Viability was examined by hypan blue staining and only 
cells In which the Viability was >95% were used for In vivo studies. 

25 Tumour Cell Inoculation and Treatment 

The mouse strain used in this study is C57BL/10 from Charles River Inc 
Animals were housed 5 per cage and were fed a die, o, animal chow and water act 
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libitum. After one week acclimatization, LLC cells were transplanted subcutaneously, 

as a suspension of tumour cells [2-5x1 0 5 viable cells per 0.1 ml], in the axillary 

region of the right flank. All animals were inoculated at the same site. Animals were 

subjected, on a daily basis, to general examination. Tumour growth was monitored 

5 every second or third day using calipers. Parameters measured were: tumour 

measured along the longest axis (length) and the perpendicular shortest axis (width) 

and the relative tumour volume (in cm 3 ) was calculated by the formula: [length (cm) x 

(width cm) 2 ] (approximately 10-15 days), mice were randomized into one of the 

following groups: 

O 

1) Metastases 



Animals were subjected to surgery to remove the primary tumour. The mice 
were lightly anesthetized with Forane. The skin overlying the tumour was cleaned 

15 with betadine and ethanols, in a laminar flow hood. A small skin incision (0.5-1 cm) 
was made using a sterile scalpel, and the tumour was carefully separated from the 
normal tissues (skin and muscle). Lewis Lung carcinoma cells (at early stage of 
growth; 1-3 weeks) are a well localized tumour and separation was easy to achieve 
without any significant damage to normal tissues. The tumour was removed, 

20 weighed and in some cases fixed for histopathology purposes. The wound was 
closed with surgical stainless steel clips (Autoclips; 9mm; Clay Adams, Inc. 
Parsippany, NJ). This site was further disinfected with betadine and the animal was 
housed as described earlier. 

25 In this group, mice were randomized after surgery into a group of 5 per cage. 

Cages were randomly assigned to specific experimental groups. The mice were then 
labelled by numbers using the "ear punching" method. Mice were checked on a daily 
basis to ensure the absence of infection. Animals with discomfort were sacrificed 
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immediately For each ^ a ri^ > PCT/CA00/01355 
y. each expenment, an additional extra spared group of control mica 

was included ,o da.en.ine ,he optima, ,i m i ng for sacnlica in order to obtain a 
eignifican, number o, we,, localized iung metastases. This group was subjected to 
me same expehmenta, procedure as group , ^ „ drug 
Based on this group, a period ot approximate* two weeks after remove, o, the 
pnmary tumour was tound to result in an average o, 25-35 nodules. 

2) Primary Tumour 

The conditions tor this group were identical to the group used for the 
expehments on metastases with the exception ma, the primary tumour was no, 
removed, and me animals were maintained until ,he tumours reached a large size 
*a, justified animal sacrifice, or the animals manifested a discomfort ,ha, justified 
their sacrifice (reduced mobility, severe respiratory symptoms, etc.,. 

3) Dosing Schedule and Treatment 



Pentamidine and chemotherapy drugs were given as described in the results 
Control animals were given the same volume o, saline solution [0.9% sodium 
» chloride,. The dose o, each drug was normalized to body weigh, per animal. 

The pemamidine and cisplabnum were injected by in,raperi,onea, injections 
Adnamycin waa injected intravenously. The pemamidine and chemotherapy drugs 
ware also delivered to the animals a, different „mes. They were given every second 
oay for a ,o,a, o, 5 time, „ is also possible to inject the pentamidine and all o, the 
chemotherapy drugs intravenously and contemporaneously. This method and 
reg,men o, administration can lead to a different combination efficiency. 
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Animal Sacrifice, Tumour/Organ Preparation 

At the end of each experiment ( a total of 5-8 weeks), animals were sacrificed 
by dislocation and autopsied. Tumours, organs or both were removed under sterile 
5 conditions [using a laminar flow hood]. Tumours were weighed. Organs (5 per 
group) were examined for gross pathological changes and then fixed in 10% 
formalin. Lungs were fixed in 10% Bouin's fixative diluted in a formalin solution, and 
lung surface metastases were counted using a stereomicroscope at 4x magnification 
or a magnifying-glass, and in some cases lungs were embedded in paraffin wax 
10 according to standard procedures. Embedded tissues were used to confirm 
metastases and further examine histopathological changes. 

Blood Analysis: 

15 For some experiments involving drug combinations, blood was taken from 3-5 

animals per group by cardiac ponction. Blood was collected in heparinized tubes and 
analyzed. 

Statistical Analysis: 



The two-tailed Student T-test was used to compare statistical significance 
among various groups. 
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Results PCT/CA00/01355 



Toxicity of Pentamidine 

A preHminary study ras on bea , n9 mjce to 

fh. maxima, toierabie doses o, pentamidine ma, can be used for antitumou, studies 
Thraa intraperitoneal iniecions (day ,, day 3, and day 5, were ,as,ad of 25, 50 ,00 
and 200mo/K g o, body weigh, respecAVely. A» animais ,aoaivin g ,O0mg/K g o, body 
weigh, diad baoausa o, aou,a toxicity as shown in Figure 8. This was observed even 
a„ar using ,P injection. Dosas o, 25 and 50 mg/Kg o, body waigh, wars ,o,a ra ,ad 
wim no apparen, alda enecfs. Therefore, dosas o, !aa j !!SRS ^ 3mM _ 50 m9/Kg 
wars usad ,o examine the biologioal activity of pentamidine. 

Effect of Pentamidine on the Growth of Primary Tumours 



Several independan, expehmems were used ,o examine the an,„umour 
properties o, pentamidine on the growth o, LLC primary tumour. These expehments 
■ndicate that the most active dose is 50 mg/Kg ,p<0.0„, as shown in Figures ,0 ,o 
15. The an,i,umour enact o, pentamidine was van, dear on ,he las, day o, tumour 
20 growth (day ,4-,8>, as shown in Figure ,0. O, no,e, pentamidine was as active as 
cisp,a,in a, a dose o, 3-4mg,Kg,,p (Fi 3U ra ,3,. Also, in an axperimen, shown in 
Ftgurea ,4a and ,4b. I, is imponan, to note ,ha, where pen,am,dine was combined 
■* 3mg/Kg cisplalin, some animais showed a compie.e regression o, ma .umours 
However, ,hese animals were no, Kep, for a longer period o, „me ,o ensure ,ha, .here 
» was no tumour regrowth. Combinations o, 50mg/Kg o, pentamidine and adriamycin 
showed some beneficial enec, (Figure ,8) bu, because adhamycin is vety toxic a, me 
htghes, dose tested (7.5mg,Kgnv, ,00% monaiily (Fig ,9„, while ,he minima, dose o, 
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5mg/Kg has a potent antitumour effect as did pentamidine, lower doses may be 

required to further increase the combination efficiency. 
Effect of Pentamidine on Formation of Metastases 

5 

In the preliminary experiment, it was observed that pentamidine at a dose of 
50mg/Kg inhibits lung metastases by more than 50% in comparison to saline-treated 
control (p<0.001), as shown in Figure 16. This was further confirmed in subsequent 
experiments. A pentamidine dose of 50mg/Kg was found to be the most active 

10 (p<0.01), while doses of 10-25 mg/Kg have no significant effect. Microscopic 
examination showed clearly that the number of metastatic nodes was clearly reduced 
in pentamidine treated animals and the sizes of nodes were smaller, in comparison to 
the saline-treated group. A combination of 50mg/Kg/ip pentamidine and 4mg/kg/ip 
cisplatin showed an enhanced effect as shown in Figure 17. In a similar manner, a 

15 combination of 50mg/Kg/ip pentamidine and 5mg/kg adriamycin/iv showed some 
beneficial effect, as shown in Figure 20. 

Conclusions 

20 This study indicates that pentamidine inhibits Lewis Lung Carcinoma tumour 

growth at tolerable doses after chronic intraperitoneal administration. 

An anti-metastatic effect was clearly observed in a dose-effect dependent 
manner in groups where the primary tumour was removed after it has reached a size 
25 of 0.5 to 1cm 3 . The highest tolerated dose of 50 mg/kg was the most active. 
Macroscopic examination reveals that the numbers of lung nodes were reduced and, 
when present, were smaller in pentamidine treated groups compared to controls. 
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Cognation of pentamidine and chemotherapy drugs o^ZTe 
therapeutic response in light of the data obtained. 



5 Pharmaceutical Cnmp^m^r. 



Pharmaceutics, compositions of the above compounds are used to treat 
patients having cancer. Vehtoies ,or delivering the compounds o, the present 
invention to target flssues throughout the human body inciude saline and DSW (5% 
dextrose and water,. Excipients used ,or the prepa rat ion o, ore, dosage forms o, the 
compounds o, me present invention include additives such as a bufle,. solubiliier 
suspending agent, emulating agent, viscosity controlling agenf. flavor, laofose filler 
anfloxidan.. presence or dye. There are preferred excipients ,o, parenteral end 
other administraflon. These excipients inciude serum albumin, glutamic or asparfic 
acid, phospholipids and fatty acida. 



The preferred totmuiaflon ia in liquid torn, atored in a vie, or an inttavenoua 
bag. The compounds o, the present invention may aiao be formulated in solid or 
aemisolid form, tor example pills, tabiets, creams, ointments, powders, emuiaions 
20 gelatin capsules, capsules, suppositories, gels or membranes. 

The preferred route o, administraflon is intravenous. Other acceptable routea 
, °- administration inoiuda oral, topica,. tactal, parenteral (iniactable,, locai, ,nha,an, 
and epidura, administration. The compositions o, the invention may also be 
» conjugated to transport molecules or included in transport modaiiflea such as 
i veaicies and micelles to facilitate transport o, the molecules. Methods for the 
preparation o, pharmaceutical^ acceptable compositions that can be administered to 
patients are known in the art. 
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The compositions of the invention may also be conjugated to transport 
molecules, monoclonal antibodies or transport modalities such as vesicles and 
micelles that preferentially target cancer cells or that potentiate cancer cells to 
5 receive drugs. 

Pharmaceutical compositions including the compounds of the present 
invention can be administered to humans or animals. Dosages to be administered 
depend on individual patient condition, indication of the drug, physical and chemical 
10 stability of the drug, toxicity, the desired effect and on the chosen route of 
administration (Robert Rakel, ed., Conn's Current Therapy (1995, W.B. Saunders 
Company, USA)). These pharmaceutical compositions are used to treat cancer. 

Example 9: Diagnostic method 

15 

Materials and Methods 

Serum from cancer patients were spotted onto nitocellulose membrane and 
were probed with a rabbit antiserum raised against the endo-exonuciease according 
20 to the method described by Liu et al (1995). In this method, a sample of the endo- 
exonuclease protein is spotted onto a membrane substrate. A solution of rabbit 
polyclonal antibodies added to the membrane onto which samples have been 
spotted. The antibodies bind to the protein. After washing, a second solutions of a 
commercially available anti-rabbit antibody or protein A is added that is conjugated 
with horseradish peroxidase (hrp). After washing, 4-chloro-1-napthol is finally added 
to the membrane. This reacts with the conjugated hrp to produce a blue colour. The 
intensity of the colour is proportional to the amount of endo-exonuclease present. 
Briefly, the serum proteins were spotted onto the membrane using the Bio-Rad slot- 
blot apparatus. The membrane was then rinsed with 10mM Tris-HCI, pH8.0 
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, mM EOT*. Mer washing , , h8 membrane _ incuba(ed ™ =5 
exonuCaasa antl bod y in bu)f9r B (10 mM ^ ^ , ^ ^ ^ ^ 
NaCO con ( a,n,n g , % sklm mllk powde , ^ ^ ^ ^ ^ 

in bunar B , or , 5 mi,, commarcia* avai|ab , e anfrrabbit ^ ga(ed wj(h 

borsera d isb peroxidase orprorein A conned wi th norseradfeh |n 

B cdn,ainin 9 , % skim . mllk powde , Kas ^ fc ^ ^ ^ ^ ^ 

a. room ,empera,ure. Tha membrane was subse,uen„ y washed ^ buffef 
m.n.. buuer containing , M Nac, ,or 30 min.. and buner B again ,„ r ,5 mi, After 
washing <.ch to ro.,-naph,oi soiuiion was added ,„ ,he membrane. Raactjon ^ any 
•0 horseradiah paroxidasa presan, produced a blua coiour. 

Ill Results 

Wirn serum samples from 37 cancer pa,ien,e (breas, cancer meiasrases, o, 
Known histon, a correiaiion between survwai and the ,ava, o, endo^onuctease was 
•ound. W ith a cu, pen, ,or high endcexonuciease ,ba, waa used o, 3,, me 8roup „ 
Patients tha, ha d a m aan su„ivai o, «, m on,ba bad ,o„ endo-exonuCease ,ava, 

endo exonucieaee ,ava te . The p vaiue , 0.0 2 indicated a high sl a„s„ca, signiticance 
' ~* FUrthem ° re ' - - -car pa,,an,s wars detected with 

abnorma, ieveis , endo-exonuciease (above ,be vaiue detected with cancer-tree 

positive on 25% of S erum sam pl as from ,ha patients. 
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IV Conclusions 



PCT/CA00/01355 



The study indicated that the level of endo-exonuclease has a good correlation 
with the length of survival in patients with metastatic breast cancer. 

5 

An abnormal level of endo-exonuclease was detected in almost all the patient 
samples whereas the standard cancer diagnostic marker, CEA, gave positive results 
in only approximately 25% of the same patient samples. 

10 Although the invention has been described with preferred embodiments, it is 

to be understood that modifications may be resorted to as will be apparent to those 
skilled in the art. Such modifications and variations are to be considered within the 
purview and scope of the present invention. 
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1. A pharmaceutical composition for inhibiting the proliferation of cancer cells or 
5 tumour growth comprising a compound that inhibits endo-exonuclease activity. 

2. A pharmaceutical composition according to claim 1 wherein the compound that 
inhibits endo-exonuclease activity is pentamidine. 

10 3. A pharmaceutical composition according to claim 1 wherein the compound that 
inhibits endo-exonuclease activity is an anti-sense sequence to a gene coding for 
endo-exonuclease. 

4. A pharmaceutical composition according to claim 2 or 3 further comprising an 
15 agent that induces breaks in DNA strands. 

5. A pharmaceutical composition according to claim 4 wherein the agent induces 
double stranded breaks in DNA strands. 

20 6. A pharmaceutical composition according to claim 4 wherein the agent is selected 
from the group consisting of cisplatin, mitomycin C, melphalan, adriamycin, taxol, 
5-fluoro-uraciI, carmustine, ionizing irradiation and bleomycin. 

7. A pharmaceutical composition according to claim 4 wherein said compound or 
25 said agent is conjugated to a transport agent for delivery to cancer cells. 

8. A pharmaceutical composition according to claim 7 wherein the transport agent is 
selected from the group consisting of micelles, vesicles, liposomes and 
monoclonal antibodies. 
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9. A pharmaceutical ^position according to one of Calms 4-8 fu^o" 
an agent that sensitizes the cancer cells to the agent that induces DNA breaks 
and/or to the compound that inhibits endo-exonuclease activity. 

5 10. A method of inhibiting the proliferation of cancer ce.ls or tumour growth 
comprising the step of administering to a patient a pharmaceutical composition 
comprising a compound that inhibits endo-exonuclease activity. 

11. A method according to claim 10 wherein the compound that inhibits endo- 
io exonuclease activity is pentamidine. 

12. A method according to claim 10 wherein the compound is an anti-sense 
sequence to a gene coding for endo-exonuclease. 

15 13. A method according to claim 1 1 or 12 further comprising the step of administering 
to the patient an agent that induces breaks in DNA strands. 

14. A method according to claim 13 wherein the agent induces double stranded 
breaks in DNA strands. 



20 



15. A method according to claim 14 wherein the agent is selected from the group 
consisting of cisplatin, mitomycin C, melpha.an, adriamycin, taxol , 5-f.uoro-uracil, 
carmustine, ionizing irradiation and bleomycin. 

25 16. A method according to claim 15 wherein said compound or said agent is 
conjugated to a transport agent for delivery to cancer cells. 
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17. A method according to claim 16 wherein the transport agent is selected from the 

group consisting of micelles, vesicles, liposomes and monoclonal antibodies. 

18. A method according to one of claims 13-17 further comprising the step of 
5 administering to the patient an agent that sensitizes the cancer cells to the agent 

that induces DNA breaks and/or to the compound that inhibits endo-exonuclease 
activity. 

19. A method of inhibiting the proliferation of cancer cells or inhibiting tumour growth 
in a patient comprising the step of inhibiting the activity of endo-exonuclease in 
the patient. 

20. A method according to claim 19 wherein the step of inhibiting the activity of endo- 
exonuclease in the patient is carried out by administering pentamidine to the 

15 patient. 

21. A method according to claim 20 wherein the step of inhibiting the activity of endo- 
exonuclease in the patient is carried out by administering an anti-sense sequence 
to a gene coding for endo-exonuclease to the patient. 

22. A method according to claim 20 or 21 further comprising the step of administering 
to a patient an agent that induces breaks in DNA strands. 

23. A method according to claim 22 wherein the agent induces double stranded 
25 breaks in DNA strands. 
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24. A method accord.ng to claim 22 wherein the agent is selected from the group 

consisting of cisplatin, mitomycin C, me.phalan, carnitine, adriamycin, taxol , 5- 
fluoro-uracil, ionizing irradiation and bleomycin. 

25. A method according to one of claims 22-24 further comprising the step of 
administering to the patient an agent that sensitizes the cancer cells to the agent 
that induces DNA breaks. 



26. Use of a compound that inhibits endo-exonuclease activity to inhibit the 
proliferation of cancer cells or to inhibit tumour growth in a patient. 

27. Use according to claim 26 wherein the compound is pentamidine. 

28. Use according to claim 26 wherein the compound is an anti-sense sequence to a 
gene coding for endo-exonuclease. 

29. Use of a compound that inhibits endo-exonuclease activity in combination with an 
agent that induces breaks in DNA strands for inhibiting the proliferation of cancer 
cells or to inhibit tumour growth in a patient. 



20 30. Use according to claim 29 wherein the compound that inhibits endo-exonuc.ease 
activity is pentamidine or an anti-sense sequence to a gene coding for endo- 
exonuclease. 



15 



25 



31. Use according to claim 30 wherein the agent is selected from the group 
consisting of cisplatin, mitomycin C, melphalan, carmustine, adriamycin, taxol , 5- 
fluoro-uracil, ionizing irradiation and bleomycin. 



o 
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32. A method for diagnosing cancer and monitoring its progression comprising the 
following steps: 

• isolating serum from a patient; 

• measuring the concentration of endo-exonuclease in said serum; 

• determining whether said concentration is above a predetermined mean. 

33. A method according to claim 32 wherein said serum is applied to a nitrocellulose 
membrane and is probed with antiserum from a mammal raised against the endo- 
exonuclease. 
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£i55f diag "" Si " 8 Cancerand mo "»™»8 * I-fi-ta. comprising A. 
i isolating seru ft from a patient; 

n measuring ih concentration of endo-exonucjease in said serum; 
iii- determining whether said concentration is above a predetermined mean. 

33^ A method according to claim 32 wherein said serum is applied to a nitrocellulose 
eTonuc" " **** *« * 2Ld againHe endo 

34 A pharmaceutical composition comprising pentamidine for inhibiting the 
proliferation of cancer -eJls or tumour growth. iniumnng the 



it^?^^?^ L m P° siUon wording to claim 34 further comprising an agent 
that induces breaks in PNA strands. f»«»»«b an agent 



fl'^K harmacemical 1 ^position according to claim 36 wherein the agent is selected 
from the group consisting of cisplatin, mitomycin C, melphalan, adriamycin, taxoj, 5- 
fluoro-uracil, carmust. ie, ionizing irradiation and bleomycin 



38. a method of ml .biting the proliferation of cancer cells or tumour growth 
compnsmg the step of administering to a patient a pharmaceutical composite 
compnsing pentamid; .e. ^ 



39 a method accord ng to claim 38 further compnsing the step of administering to 
the patient an agent il at induces breaks in DNA srrands. 
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40. A method according 10 claim 39 wherein the agent induces double stranded 
breaks in PNA strands. 



41. A method according to claim 40 wherein the agent is selected from the group 
consisting of cisplatin. Mitomycin C, melphaJan, adriamycin, taxol, 5-fluoro-uracil, 
carmustine, ionizing imn liation and bleomycin. 



42. A method according to claim 41 wherein said agew is conjugated to a transport 
agent for delivery to can :er cells. 



43. A method according to claim 42 wherem the transport agent is selected from the 
group consisting of mice lies, vesicles, liposomes and monoclonal antibodies 



44. A method for diagr osing and monitoring the progression of cancer in a partem 
comprising the following steps: 



i. measuring .i concentration of endo-exonuclease in said patient; and 

ii. determining whether said concentration is above a predetermined mean, 

f\ wherein said concern? ation being above said predetermined mean js a positive 

^ * indicator of a presence: of cancer. 

45. A method according to claim 44 wherein the step of measunng a concentration of 
endo-exonuclease in s;id patient includes the following sub-steps: 

j. obtaining ;i sample from said patient ; and 

ii. measuring he concentration of endo-exonuclease in said sample. 
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i obtaining a st mpJe from ihe patieni; 
ii. detecting end >-exonuclease in said sampk. 

?L A h"lf lh ° d ■J*** 11 * 10 claim 46 wherein the endo-exonuclease is detected 
through diagnosne imaging. aeiecteq 

1™. mCth0d ****** » c,aim 46 wherein dei «*ng endo-exonuclease in said 
sample js earned out ording to the following sub-steps: 



i . spotting the; ;ample onto a nitrocellulose membrane; 

ii. generating an antibody to endo-exonuclease; 
lii. reacting sa.i| antibody with said sample; 

iv. providing a second antibody that binds to the first antibody, the second 
antibody b.*,ng conjugated to horseradish peroxidase; 

v. reacting the second antibody with the sample whereby the second antibody 
binds to the first antibody to produce a blue colour in the presence of a 4- 
chloro-l-nrphtol solution. 



49. Use of pentamidine for inhibiting the proliferation of cancer cells or tumour 
growth in a patient. 



50. Use of pentamidine in combination with an agent that induces breajes in DNA 
strands for inhibiting ;he proliferate of cancer cells or to inhibit tumour growth in a 
patient. 
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